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TITLE OF INVENTION 

MULTI-LAYER ADHESIVE-BONDED NONWOVEN SHEET AND 

PROCESS THEREFOR 

5 

BACKGROUND OF THE INVENTION 

Adhesive-bonded multi-layer nonwoven sheet structures are 
known in the art for a variety of end uses including medical garments. For 
example, Crenshaw et al. U.S. Patent No. 4,588,457 describes a two-ply 

10 nonwoven fabric which comprises a first nonwoven material, for example a 
spunbond nonwoven, bonded to a second nonwoven material such as a 
tissue layer using a flexible latex binder material. The latex binder is dried 
and cured using heated rolls. 

Medical garments such as surgical gowns with multi-layer 

15 zones are conventionally formed by gluing reinforcing layers on areas of 
the gown where contact with fluids is most likely to occur, such as the front 
of the gown and the lower portion of the gown sleeves. The multi-layer 
zones provide added protection to ensure that liquid-borne contaminates 
do not pass through the garment fabric while maintaining a high degree of 

20 breathability overall for enhanced comfort. 

Nonwoven materials used for the manufacture of zoned 
medical garments include polypropylene spunbond-meltblown-spunbond 
(SMS) nonwoven fabrics and hydroentangled fabrics such as Sontara® 
spunlaced polyester/wood pulp nonwoven fabrics (manufactured by E. I. 

25 du Pont de Nemours and Company, Wilmington, DE). For example, in the 
manufacture of a medical garment, reinforcing layers can be glued in 
specified locations onto a pattern piece of cut fabric to form a pattern piece 
having reinforced zones that will be used in the construction of the final 
garment. Identical reinforced fabric pieces are generally stacked in a pile, 

30 followed by transferring the pile of reinforced fabric pieces to another 
station for further processing, such as joining two or more different or 
same pattern pieces to form the final garment. If the reinforcing layers are 
not securely bonded to the base layer, the layers can shift with respect to 
each other while they are stacked in the pile. This results in the 

35 reinforcing layer being misaligned with the desired location on the base 
fabric and in the final garment and also leaves an outline of adhesive 
where the reinforcing layer was originally placed. 
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When a layer of spunlaced fabric is bonded to a second 
layer of spunlaced fabric using a water-based adhesive to form a multi- 
layer nonwoven sheet structure such as in the manufacture of zoned 
surgical gowns, the bond strength between the layers increases rapidly so 
5 that the multi-layer nonwoven sheet can be further processed without the 
bonded layers shifting with respect to each other. On the other hand, it 
has been found that when polypropylene SMS materials are used in the 
manufacture of zoned medical garments wherein the reinforced zones are 
formed by bonding a piece of polypropylene SMS fabric to the base 

10 polypropylene SMS fabric using a water-based adhesive, the bond 

strength between the layers in the multi-layer polypropylene nonwoven 
sheet builds more gradually, requiring longer drying times or use of heat to 
accelerate drying. 

There remains a need in the art for fabrics suitable for the 

15 fabrication of medical garments that rapidly build high bond strength after 
bonding to another layer with a water-based adhesive composition without 
a heated drying step, thus reducing fabrication time and cost. 

SUMMARY OF THE INVENTION 

20 In a first embodiment, the invention is directed to a multi- 

layer nonwoven sheet comprising (a) a spunbond nonwoven layer having 
a hydrostatic head of at least about 15 cm comprising continuous 
spunbond fibers having an average fiber diameter of less than 10 microns, 
the surface of the spunbond fibers comprising a polymer having a surface 

25 tension of at least about 25 dynes/cm, the spunbond layer having an inner 
surface and an outer surface; and (b) a second layer having an inner 
surface and an outer surface, selected from the group consisting of 
nonwoven fabrics, knitted fabrics, woven fabrics, and films; adhered with 
(c) a polymeric adhesive which adheres at least a portion of the inner 

30 surfaces of the spunbond layer and the second layer together, wherein the 
adhesive is derived from a water-based adhesive composition. 

In another embodiment, the invention is directed to a multi- 
layer nonwoven sheet comprising (a) a first layer comprising a spunbond- 
meltblown-spunbond nonwoven fabric having an inner surface and an 

35 outer surface, wherein the meltblown layer comprises meltblown fibers, 
the surface of the meltblown fibers comprising a polymer having a surface 
tension of at least about 25 dynes/cm; and (b) a second layer having an 
inner surface and an outer surface, selected from the group consisting of 
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nonwoven fabrics, knitted fabrics, woven fabrics, and films; adhered with 
(c) a polymeric adhesive which adheres at least a portion of the inner 
surfaces of the first layer and the second layer together, wherein the 
polymeric adhesive is derived from a water-based adhesive composition. 
5 Another embodiment of the invention is directed to a medical 

garment comprising a base sheet material and at least one multi-layer 
zone, the multi-layer zone comprising a spunbond nonwoven fabric having 
a hydrostatic head of at least about 15 cm and comprising continuous 
spunbond fibers having an average fiber diameter of less than 10 microns 
10 adhered to the base sheet by a polymeric adhesive derived from a water- 
based adhesive composition, wherein the surface of the spunbond fibers 
comprises a polymer having a surface tension of at least about 25 
dynes/cm. 

Another embodiment of the invention is directed to a medical 
15 garment comprising a base sheet material and at least one multi-layer 
zone, the multi-layer zone comprising a spunbond-meltblown-spunbond 
nonwoven fabric adhered to the base sheet by a polymeric adhesive 
derived from a water-based adhesive composition, wherein the meltblown 
layer comprises meltblown fibers having a surface comprising a first 
20 polymeric component having a surface tension of at least about 25 
dynes/cm. 

Another embodiment of the invention is directed to a method 
for forming a multi-layer adhesive-bonded nonwoven sheet comprising the 
steps of: (a) providing a spunbond nonwoven layer having a hydrohead of 

25 at least about 15 cm and comprising continuous spunbond fibers having 
an average fiber diameter of less than 10 microns, the surface of the 
spunbond fibers comprising a polymer having a surface tension of at least 
about 25 dynes/cm, the spunbond layer having an inner surface and an 
outer surface; (b) providing a second layer having an inner surface and an 

30 outer surface, selected from the group consisting of nonwoven fabrics, 
knitted fabrics, woven fabrics, and films; (c) applying a water-based 
adhesive composition to at least a portion of one of the inner surface of 
the first layer or the inner surface of the second layer; and (d) contacting 
the inner surface side of the spunbond nonwoven layer and the inner 

35 surface side of the second layer to adhere the surfaces together. 

Another embodiment of the invention is directed to a method 
for forming a multi-layer adhesive-bonded nonwoven sheet comprising the 
steps of: (a) providing a first layer comprising a spunbond-meltblown- 
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spunbond nonwoven fabric having an inner surface and an outer surface, 
wherein the meltblown layer comprises meltblown fibers, the surface of the 
meltblown fibers comprising a polymer having a surface tension of at least 
about 25 dynes/cm; (b) providing a second layer having an inner surface 
5 and an outer surface, selected from the group consisting of nonwoven 
fabrics, knitted fabrics, woven fabrics, and films; (c) applying a water- 
based adhesive composition to at least a portion of one of the inner 
surface of the first layer or the inner surface of the second layer; and (d) 
contacting the inner surface side of the first layer and the inner surface 
1 0 side of the second layer to adhere the surfaces together. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram illustrating fabric assembly 
for shear strength measurements. 
15 Figure 2 is a plot of %Ultimate Strength versus drying time 

for the adhesive-bonded multi-layer sheets prepared in Example 1 and 
Comparative Example A. 

Figure 3 is a plot of %Ultimate Strength versus drying time 
for the adhesive-bonded multi-layer sheets prepared in Example 2 and 
20 Comparative Example B. 

Figure 4 is a plot of %Ultimate Strength versus drying time 
for the adhesive-bonded multi-layer sheets prepared in Example 3 and 
Comparative Example C. 

Figure 5 is a plot of %Ultimate Strength versus drying time 
25 for the adhesive-bonded multi-layer sheets prepared in Example 4 and 
Comparative Example D. 

Figure 6 is a plot of %Ultimate Strength versus drying time 
for adhesively-bonded multi-layer sheets prepared in Example 1 and 
Comparative Example E. 
30 Figure 7 is a plot of %Ultimate Strength versus drying time 

for adhesively-bonded multi-layer sheets prepared in Example 1 and 
Example 5. 

DETAILED DESCRIPTION OF THE INVENTION 

35 When a layer of spunbonded or SMS fabric is bonded to a 

second layer of spunbonded, SMS fabric, or other sheet-like layer to form 
a multi-layer nonwoven sheet structure such as in the manufacture of 
zoned surgical gowns, it would be advantageous if the bond strength 
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between the layers increased rapidly so that the multi-layer nonwoven 
sheet can be further processed without the bonded layers shifting with 
respect to each other. 

The present invention is directed to a multi-layer nonwoven 
5 sheet comprising at least first and second sheet layers, wherein the first 
layer comprises a nonwoven fabric that comprises spunbond fibers on at 
least one surface thereof. The first and second layers are bonded 
together by a polymeric adhesive that is derived from a water-based 
adhesive composition, with the spunbond fiber layer contacting the 

10 adhesive composition. The multi-layer adhesive-bonded sheet structures 
of the present invention develop a higher bond strength after short drying 
times under ambient conditions than certain other adhesive-bonded multi- 
layer sheet structures known in the art. 

According to this invention, multi-layer nonwoven sheet 

15 structures are prepared by bonding a nonwoven fabric comprising 

spunbond fibers on at least one surface thereof to a second layer using a 
water-based adhesive. The surface of the spunbond fibers comprises a 
polymer having a surface tension of at least about 25 dynes/cm. The 
spunbond fabric can be treated with a fluorochemical composition prior to 

20 forming the multi-layer nonwoven sheet. In one embodiment, the 

nonwoven layer is a spunbond-meltblown-spunbond composite nonwoven 
fabric wherein the surface of the meltblown fibers comprises a polymer 
having a surface tension of at least about 25 dynes/cm. 

The term "polyolefin" as used herein, is intended to mean 

25 homopolymers, copolymers, and blends of polymers prepared from at 
least 50 weight percent of an unsaturated hydrocarbon monomer. 
Examples of polyolefins include polyethylene, polypropylene, poly(4- 
methylpentene-1), polystyrene, and copolymers thereof. 

The term "polyethylene" (PE) as used herein is intended to 

30 encompass not only homopolymers of ethylene, but also copolymers 
wherein at least 85% of the recurring units are ethylene units. 

The term "polypropylene" (PP) as used herein is intended to 
embrace not only homopolymers of propylene but also copolymers where 
at least 85% of the recurring units are propylene units. 

35 The term "linear low density polyethylene" (LLDPE) as used 

herein refers to linear ethylene/a-olefin co-polymers having a density of 
less than about 0.955 g/cm 3 , preferably in the range of 0.91 g/cm 3 to 0.95 
g/cm 3 , and more preferably in the range of 0.92 g/cm 3 to 0.95 g/cm 3 . 
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Linear low density polyethylenes are prepared by co-polymerizing 
ethylene with minor amounts of an alpha, beta-ethylenically unsaturated 
alkene co-monomer (a-olefin), the a-olefin co-monomer having from 3 to 
12 carbons per a-olefin molecule, and preferably from 4 to 8 carbons per 
5 a-olefin molecule. Alpha-olefins which can be co-polymerized with 

ethylene to produce LLDPE's include propylene, 1-butene, 1-pentene, 1- 
hexene, 1-octene, 1-decene, or a mixture thereof. Preferably, the a-olefin 
is 1-hexene or 1-octene. 

The term "high density polyethylene" (HDPE) as used herein 
10 refers to polyethylene homopolymer having a density of at least about 0.94 
g/cm 3 , and preferably in the range of about 0.94 g/cm 3 to about 0.965 
g/cm 3 . 

The term "polyester" as used herein is intended to embrace 
polymers wherein at least 85% of the recurring units are condensation 

15 products of dicarboxylic acids and dihydroxy alcohols with linkages 
created by formation of ester units. This includes aromatic, aliphatic, 
saturated, and unsaturated di-acids and di-alcohols. The term "polyester" 
as used herein also includes copolymers (such as block, graft, random 
and alternating copolymers), blends, and modifications thereof. 

20 Examples of polyesters include poly(ethylene terephthalate) (PET) which 
is a condensation product of ethylene glycol and terephthalic acid and 
poly(1,3-propylene terephthalate) which is a condensation product of 1,3- 
propanediol and terephthalic acid. 

The term "nonwoven fabric, sheet, layer or web" as used 

25 herein means a structure of individual fibers, filaments, or threads that are 
positioned in a random manner to form a planar material without an 
identifiable pattern, as opposed to a knitted or woven fabric. Examples of 
nonwoven fabrics include meltblown webs, spunbond webs, carded webs, 
air-laid webs, and wet-laid webs and composite webs comprising one or 

30 more nonwoven layers. 

The term "multi-layer nonwoven sheet" as used herein refers 
to a multi-layer structure comprising at least first and second sheet layers 
wherein at least the first layer is a nonwoven fabric. The second layer can 
be a nonwoven fabric (same as or different than the first layer), woven 

35 fabric, knitted fabric, or a film. The term "multi-layer adhesive-bonded 
nonwoven sheet" refers to multi-layer nonwoven sheet in which the first 
layer is bonded to the second layer by a layer of polymeric adhesive that is 
derived from a water-based adhesive composition. The multi-layer 
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adhesive-bonded nonwoven sheet may comprise a portion of an article, 
for example when multi-layer adhesive-bonded zones are formed on 
portions of an article. Alternately, an article can be fabricated entirely from 
the multi-layer adhesive-bonded nonwoven sheet. 
5 The term "meltblown fibers" as used herein, means fibers 

which are formed by meltblowing, which comprises extruding a melt- 
processable polymer through a plurality of capillaries as molten streams 
into a high velocity gas (e.g. air) stream. The high velocity gas stream 
attenuates the streams of molten thermoplastic polymer material to reduce 

10 their diameter and form meltblown fibers having a diameter between about 
0.5 and 10 micrometers. Meltblown fibers are generally discontinuous 
fibers but can also be continuous. Meltblown fibers carried by the high 
velocity gas stream are generally deposited on a collecting surface to form 
a meltblown web of randomly dispersed fibers. 

15 The term "spunbond" fibers as used herein means fibers 

which are formed by extruding molten thermoplastic polymer material as 
fibers from a plurality of fine, usually circular, capillaries of a spinneret with 
the diameter of the extruded fibers then being rapidly reduced by drawing 
and then quenching the fibers. Other fiber cross-sectional shapes such as 

20 oval, multi-lobal, etc. can also be used. Spunbond fibers are generally 
continuous and have an average diameter of greater than about 5 
micrometers. Spunbond nonwoven fabrics or webs are formed by laying 
spunbond fibers randomly on a collecting surface such as a foraminous 
screen or belt. Spunbond webs are generally bonded by methods known 

25 in the art such as by hot-roll calendering or by passing the web through a 
saturated-steam chamber at an elevated pressure. For example, the web 
can be thermally point bonded at a plurality of thermal bond points located 
across the spunbond fabric. 

The term "spunlaced fabric" as used herein refers to a 

30 nonwoven fabric that is produced by entangling fibers in the web to 

provide a strong fabric that is free of binders. For example, a spunlaced 
fabric can be prepared by supporting a nonwoven web of fibers on a 
porous support such as a mesh screen and passing the supported web 
underneath water jets, such as in a hydraulic needling process. The fibers 

35 can be entangled in a repeating pattern. 

The term "spunbond-meltblown-spunbond nonwoven fabric" 
(SMS) as used herein refers to a composite nonwoven fabric comprising a 
web of meltblown fibers sandwiched between and bonded to two 
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spunbond layers. A SMS nonwoven fabric can be formed in-line by 
sequentially depositing a first layer of spunbond fibers, a layer of 
meltblown fibers, and a second layer of spunbond fibers on a moving 
porous collecting surface. The assembled layers can be bonded by 
5 passing through a nip formed between two rolls which can be heated or 
unheated and smooth or patterned. Alternately, the individual spunbond 
and meltblown layers can be pre-formed and optionally bonded and 
collected individually such as winding the fabrics on wind-up rolls. The 
individual layers can be assembled by layering at a later time and bonded 

10 together to form a SMS nonwoven fabric. Additional spunbond and/or 
meltblown layers can be incorporated in the SMS fabric, for example 
spunbond-meltblown-meltblown-spunbond, etc. Alternately, a single layer 
of spunbond and a single layer of meltblown fabric can be used to form a 
spunbond-meltblown fabric. 

15 The term "multiple component fiber" as used herein refers to 

any fiber that is composed of at least two distinct polymeric components 
which have been spun together to form a single fiber. The at least two 
polymeric components are preferably arranged in distinct substantially 
constantly positioned zones across the cross-section of the multiple 

20 component fibers and extend substantially continuously along the length of 
the fibers. Preferably the multiple component fibers are bicomponent 
fibers which are made from two distinct polymers. Bicomponent fibers are 
known in the art and include sheath core fibers in which one of the 
polymeric components forms a core that is surrounded by the second 

25 polymeric component which forms a sheath on the outer peripheral 
surface of the fiber, and side-by-side cross-sections in which the first 
polymeric component forms a segment that is adjacent a segment formed 
by the second polymeric component, each segment being substantially 
continuous along the length of the fiber with both polymers exposed on the 

30 fiber surface. Multiple component fibers are distinguished from fibers that 
are extruded from a single homogeneous or heterogeneous blend of 
polymeric materials. However, one or more of the distinct polymeric 
components used to form the multiple component fibers can comprise a 
blend of polymeric materials. 

35 The term "water-based adhesive composition" as used 

herein refers to adhesive compositions comprising an adhesive material 
dispersed or dissolved in a solvent, wherein the solvent is substantially all 
water. For example, the water-based adhesive composition can be an 
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emulsion. The adhesive material can be either a natural or synthetic 
material. The water-based adhesive composition is formulated to contain 
materials which generally cure at room temperature, e.g. from about 15°C 
to about 30°C, upon drying, without the necessity of an additional heating 
5 step. 

The multi-layer adhesive-bonded nonwoven sheets of the 
present invention are prepared by bonding a first layer comprising a 
nonwoven fabric on at least one of its sides to a second sheet layer using 
a water-based adhesive. The side of the first layer that is bonded to the 

10 second layer comprises spunbond fibers. The first and second layers 
preferably have a basis weight between about 10 and 100 g/m 2 . When 
the first layer is a spunbond nonwoven, at least a portion of the peripheral 
surface of the spunbond fibers comprises a synthetic polymer having a 
surface tension of at least about 25 dynes/cm (measured at 20°C) on at 

15 least a portion thereof. More preferably, at least a portion of the peripheral 
surface of the spunbond fibers comprises a synthetic polymer having a 
surface tension of at least about 30 dynes/cm. The spunbond fibers 
preferably have a diameter that is no greater than 22 microns, preferably 
no greater than 19 microns. In one embodiment wherein the first layer is a 

20 spunbond fabric, the spunbond fibers have a diameter that is less than 10 
microns, preferably no greater than about 8 microns and the spunbond 
fabric has a hydrostatic head of at least about 15 cm. For example, 
nonwoven fabrics described in Rudisill et al. U.S. Patent Number 
5,885,909, which is hereby incorporated by reference, may be used as the 

25 first layer. The spunbond fibers can be single component or multiple 
component fibers. Examples of suitable spunbond fabrics include 
sheath/core spunbond fabrics wherein the sheath comprises a polyester 
copolymer such as a poly(ethylene terephthalate) copolymer and the core 
comprises a polyester such as poly(ethylene terephthalate). 

30 Examples of polymers having a surface tension of at least 

about 25 dynes/cm include polyolefins such as polyethylene, polyesters 
such as poly(ethylene terephthalate) or poly(1,3-propylene terephthalate), 
polyamides such as poly(hexamethylene adipamide) (nylon 66) or 
poly(caproamide) (nylon 6), and polystyrene, and blends and copolymers 

35 thereof. For example, polyethylene has a surface tension of about 31 

dynes/cm and poly(ethylene terephthalate) homopolymer has a surface 
tension of about 43 dynes/cm. Polypropylene has a surface tension of 
about 20 dynes/cm and therefore is not suitable as the polymeric 
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component having a surface tension of at least about 25 dynes/cm. 
Suitable polyethylenes include linear low density polyethylene, high 
density polyethylene, and blends thereof. In one embodiment, the 
peripheral surface of the spunbond fibers consists essentially of one or 
5 more polymers having a surface tension of at least about 25 dynes/cm. 
For example, the spunbond fibers can consist essentially of one or more 
polyethylenes. Alternately the spunbond fibers can comprise a blend of 
polyethylene and another polymer having a surface tension of less than 
about 25 dynes/cm. For polymer blends, the polymer blend preferably has 

10 a weighted average surface tension (based on volume) of at least about 
25 dynes/cm. For example, a polymer blend comprising 75 volume 
percent polyethylene having a surface tension of 43 dynes/cm and 25 
volume percent polypropylene having a surface tension of 20 dynes/cm 
would have a weighted average surface tension of 0.75(43) + 0.25(20) = 

15 37.25 dynes/cm. Alternately, the spunbond fibers can be multiple 

component spunbond fibers wherein at least a portion of the peripheral 
surface of the spunbond fibers comprises a polymer having a surface 
tension of at least about 25 dynes/cm. One or more of the polymeric 
components in the multiple component spunbond fibers can comprise a 

20 blend of a first polymer having a surface tension of at least about 25 
dynes/cm and a second polymer. In one embodiment, the spunbond 
fibers comprise bicomponent fibers wherein the two polymeric 
components are arranged in a sheath/core cross-section wherein the 
sheath comprises a polymer having a surface tension of at least about 25 

25 dynes/cm. The sheath can consist essentially of one or more polymers 
having a surface tension of at least about 25 dynes/cm. Examples of 
suitable core polymers include polyesters, polyamides, and polypropylene. 
For example, the spunbond fibers can comprise bicomponent sheath/core 
fibers wherein the sheath comprises polyethylene and the core comprises 

30 polyester. 

In another embodiment, the first layer can comprise a 
spunbond-meltblown-spunbond nonwoven fabric wherein the meltblown 
layer of the SMS nonwoven fabric comprises meltblown fibers comprising 
a polymer having a surface tension of at least about 25 dynes/cm, 
35 preferably at least about 40 dynes/cm on at least a portion of the 

peripheral surface of the meltblown fibers. The meltblown fibers can 
comprise bicomponent fibers wherein the polymeric components are 
arranged in a side-by-side configuration and at least one of the polymeric 
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components in the meltblown fibers has a surface tension of at least about 
40 dynes/cm. Examples of suitable polymers having a surface tension of 
at least about 40 dynes/cm include polyesters such as poly(ethylene 
terephthalate), poly(1,3-propylene terephthalate), poly(1 ,4-butylene 
5 terephthalate), and polyester co-polymers such as poly(ethylene 
terephthalate) modified with isophthalic acid or 1,4- 
cyclohexanedimethanol. 

In one embodiment using a SMS nonwoven fabric 
comprising the above-described meltblown layer, at least one of the 

10 spunbond layers in the SMS nonwoven fabric can comprise spunbond 

fibers which comprise a polymer having a surface tension of at least about 
25 dynes/cm, preferably at least about 30 dynes/cm on at least a portion 
of the peripheral surface thereof. The spunbond layer can comprise 
bicomponent fibers wherein the polymeric components are arranged in a 

15 sheath/core cross-section wherein the sheath comprises a polymer having 
a surface tension of at least about 25 dynes/cm. The sheath can consist 
essentially of one or more polymers having a surface tension of at least 
about 25 dynes/cm. 

The first layer can further comprise a fluorochemical, which 

20 can be applied topically to the first layer or incorporated as a melt additive 
in the spunbond fibers of the first layer during spinning. When the first 
layer is a SMS fabric, a fluorochemical melt additive can also be 
incorporated in the meltblown fibers. Fluorochemical melt-additives are 
known in the art to migrate to the surface of the fibers, for example upon 

25 heating of the fibers. When a topical fluorochemical is used, the first layer 
is topically treated with a fluorochemical finish prior to bonding to the 
second sheet layer. Fluorochemical finishes are known in the art and are 
commonly aqueous emulsions of fluoropolymers. Fluorochemical finishes 
are generally applied topically to nonwoven fabrics used in surgical gowns 

30 to enhance the ability of the fabric to repel liquids, including those having 
lower surface tension than water that are commonly found in the operating 
theater such as saline, blood, alcohol, and oil. Suitable fluoropolymers 
include fluorinated acrylic copolymers such as Zonyl® fluoropolymers 
available from E. I. du Pont de Nemours and Company (Wilmington, DE). 

35 The fluorochemical finish is preferably applied to the first layer at sufficient 
levels to yield a first layer having an alcohol repellency rating of at least 
about 6. 
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When the first layer is a SMS nonwoven fabric wherein the 
spunbond fibers comprise sheath/core polyethylene/poly(ethylene 
terephthalate) fibers and the meltblown fibers are bicomponent fibers 
comprising between about 20 and 92 weight percent of a polyolefin 
5 component such as linear low density polyethylene and between about 80 
and 8 weight percent of a polyester component such as poly(ethylene 
terephthalate) arranged in a side-by-side configuration, fluorochemical 
levels of between about 0.132 weight % and 0.33 weight%, more 
preferably between about 0.25 weight % and 0.33 weight % have been 

10 found to yield acceptable alcohol repellency and water impact rating. This 
is lower than the amount of fluorochemical required to achieve acceptable 
alcohol repellency and water impact rating with 100% polyester SMS 
nonwoven fabric. The second layer can also comprise a fluorochemical. 
Untreated polypropylene and polyethylene nonwoven fabrics generally 

15 have an alcohol repellency rating of between 2-4. The fluorochemical 
finishes can be applied to the nonwoven fabric or other layers using 
methods known in the art such as spray or foam application, kiss-roll 
application, or a dip-squeeze process in which the fabric is immersed in 
the finish solution followed by squeezing out the excess finish, such as by 

20 passing the impregnated fabric through a nip formed between two rolls. 

The second layer forming the multi-layer composite 
nonwoven sheets of the current invention can be the same as or different 
from the first layer. The second layer can be a film, nonwoven fabric, 
woven fabric, or knit fabric. If the second layer is a film, the water-based 

25 adhesive composition is preferably applied to the first layer which is then 
contacted with the film layer. In one embodiment, the second layer is a 
nonwoven web that can be substantially the same as or different from the 
first layer. In one embodiment, both the first and second layers are SMS 
nonwoven fabrics. In one such embodiment, the spunbond sides bonded 

30 together by the adhesive material comprise spunbond fibers comprising a 
polymer having a surface tension of at least about 25 dynes/cm on at least 
a portion of the peripheral surface thereof and the meltblown fibers 
comprise bicomponent fibers in which the polymeric components are 
arranged in a side-by-side configuration and at least one of the polymeric 

35 components in the meltblown fibers has a surface tension of at least about 
40 dynes/cm. A SMS fabric that has been found to provide drying times 
comparable to polyester/wood pulp spunlaced fabrics when two layers are 
bonded using a water based adhesive comprises bicomponent 
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polyester/polyethylene core/sheath spunbond fiber webs and a web of 
bicomponent side-by-side polyester/polyethylene meltblown fibers. 

Suitable water-based adhesive compositions are those that 
contain materials which generally cure at room temperature, e.g. from 
5 about 15°C to about 30°C, upon drying, without the necessity of an 

additional heating step, and include aqueous dispersions or emulsions of 
polyvinyl acetate) copolymers, for example copolymers of ethylene and 
vinyl acetate. Such adhesives are available commercially from a number 
of sources. The adhesive material can be non-cross-linkable or cross- 

10 linkable. The water-based adhesives preferably comprise between 40-80 
weight percent solids with the remainder of the adhesive composition 
comprising primarily water. More preferably, the water-based adhesive 
compositions comprise between 50-75 weight percent solids, and most 
preferably between about 60-75 weight percent solids. Other additives 

15 such as tackifiers, anti-oxidants/preservatives, and viscosity modifiers can 
also be included in the water-based adhesive composition. 

The multi-layer adhesive-bonded nonwoven sheets of the 
current invention can be prepared using methods known in the art. For 
example, the water-based adhesive composition can be applied to the 

20 spunbond side of the first layer which comprises a polymer having a 
surface tension of at least about 25 dynes/cm or to a side of the second 
layer, or both, and the layers contacted such that the adhesive layer is 
sandwiched between the layers with the adhesive contacting the 
spunbond side of the first layer which comprises a polymer having a 

25 surface tension of at least about 25 dynes/cm. Suitable methods for 
applying the water-based adhesive composition to the layer(s) include 
hand-application using a squeeze bottle or tube or roller-tipped bottle, 
spraying, or printing the adhesive on the layer(s) using an applicator roll 
(e.g. kiss roll). For example, an engraved roll can be used if it is desired to 

30 apply a discontinuous pattern of adhesive. The water-based adhesive 
composition can be applied on the surface adjacent the perimeter of one 
or both of the layers. Similarly, the adhesive can be applied as a pattern 
of adhesive over the entire surface of one or both of the layers, for 
example as a series of lines or other discontinuous pattern. Alternately, 

35 the adhesive can be applied as a continuous layer to one or both of the 
layers. For end uses where breathability is desired such as medical 
gowns, the water-based adhesive composition is preferably applied in a 
discontinuous manner, leaving breathable adhesive-free regions between 
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the adhesive-coated regions. It is preferred to use as little of the water- 
based adhesive composition as necessary from an economic perspective 
and to reduce the drying time required for the bond strength of the layers 
to build to a value that allows further handling and processing of the multi- 
5 layer adhesive-bonded nonwoven sheets without the layers shifting with 
respect to each other. If insufficient adhesive is used, there will be 
insufficient bonding between the layers. If too much adhesive is used, the 
drying time can increase and/or the water-based adhesive composition 
can soak through one or more of the sheet layers. If the adhesive 

10 composition soaks through one or more of the surface layers, it can cause 
problems such as when reinforced pattern pieces comprising wet adhesive 
are stacked with other reinforced pieces, causing adjacent reinforced 
pattern pieces to stick together. If the adhesive composition soaks 
through one or more of the sheet layers, it can also cause visual defects in 

1 5 the multi-layer adhesive-bonded nonwoven sheet. 

After contacting the layers to adhere them together, pressure 
can be applied to improve the bonding between the layers and the water- 
based adhesive composition is allowed to dry. Since water-based 
adhesives generally cure at room temperature upon drying, no additional 

20 heating step is required in preparing the multi-layer adhesive-bonded 
nonwoven sheets of the current invention since, even at relatively high 
percentages of water in the adhesive composition, the bonded layers 
develop significant wet bond strength after a short time compared to other 
materials in the art such as adhesive-bonded polypropylene SMS 

25 materials. Typical drying times at ambient temperature (generally 

between about 15°C to about 30°C) for the multi-layer adhesive-bonded 
nonwoven sheets of the current invention to achieve sufficient bond 
strength to be handled in further processing range from about 5 to 7 
minutes, depending on the water-based adhesive composition that is 

30 used. This is about 2 to 3 times faster than polypropylene SMS materials, 
which generally require a drying time of at least 15 minutes under ambient 
conditions. 

The multi-layer adhesive-bonded nonwoven sheets can be 
used in the fabrication of adhesive-bonded articles such as medical 
35 garments wherein the garment is assembled from pieces cut entirely from 
the multi-layer adhesive-bonded sheet. For example, the multi-layer 
adhesive-bonded nonwoven sheet can be prepared by bonding a 
nonwoven layer to a second layer with the layers substantially completely 
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overlapping and the adhesive-bonded multi-layer nonwoven sheet allowed 
to dry and rolled up. The roll goods can then be fabricated into medical 
gowns or other articles in a later processing step. 

Alternately, zoned medical garments can be fabricated 
5 wherein selected areas (zones) on a base sheet comprise the multi-layer 
adhesive-bonded nonwoven sheets of the present invention. In one 
embodiment, roll good film or fabric used as the second layer can be cut 
into various pattern pieces that will eventually be joined (for example by 
ultrasonic or thermal bonding or sewing) to form a garment. For example 

10 pattern pieces can be cut such as pieces that will form the sleeve portion 
of the gown, chest panels that will form the front of the gown, and back 
panel that will form the back of the gown, etc. The first layer (selected 
from the nonwoven fabrics described above) is cut into the desired 
shapes/sizes and bonded to one or more of the pattern pieces cut from the 

15 second layer using a water-based adhesive composition, forming zones 
comprising the multi-layer adhesive-bonded nonwoven of the current 
invention. The second layer can be the same material as or different from 
the first layer. Alternately, the first layer can be cut into the various pattern 
pieces and the second layer used as the reinforcing layer(s) on the 

20 garment. Elongated pieces comprising the first or second layer can be 
bonded to the gown using a water-based adhesive composition to form 
garment ties such that the surfaces that are bonded together form a 
bonded zone comprising the multi-layer adhesive-bonded nonwoven 
material of the current invention. 

25 In another embodiment, a combination of the above methods 

can be used to make a medical garment. For example fabric that will form 
the sleeves of the garment can be cut entirely from a pre-fabricated multi- 
layer adhesive-bonded nonwoven sheet of the present invention and the 
rest of the body of the garment can comprise another sheet material or a 

30 zoned material wherein portions of the rest of the body of the garment 
comprise zones formed by adhesive-bonding of two layers according to 
the present invention. 

TEST METHODS 

35 In the description above and in the examples that follow, the 

following test methods were employed to determine various reported 
characteristics and properties. ASTM refers to the American Society for 
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Testing and Materials, and INDA refers to the Association of the 
Nonwovens Fabric Industry. 

Adhesive Shear Strength was used as a measure of the 
hold/set strength of the adhesive-bonded multi-layer sheets described in 
5 the Examples. The adhesive shear strength was measured as a function 
of time using the following test method. Two pieces of fabric were glued 
together and tested at predetermined time intervals to establish the green 
strength and strength build-up over time. In shear testing, two 4 inch wide 
x 6 inch long (10.2 cm x 15.2 cm) pieces of fabric were glued together as 

10 shown in Figure 1 . Each piece of fabric was weighed prior to application 
of the adhesive to confirm that the amount of adhesive applied to each 
sample remained approximately constant. A perimeter of adhesive 2 was 
placed on fabric piece 1 using a squeeze bottle, the piece was weighed 
and the second fabric piece 3 was placed on top of a portion of the first 

15 fabric so as to overlap with the adhesive layer as shown in Figure 1 . The 
perimeter of adhesive measured approximately 4 inch x 4 inch (10.2 x 
10.2 cm) to provide a perimeter of adhesive of approximately 16 inches 
(40.6 cm). A 2 inch (5.1 cm) overhang (4a, 4b) was left at the end of each 
piece of fabric in order for the Instron clamps to be attached during 

20 shearing of the samples. The width of the bead of adhesive making up the 
perimeter depends on the size of the squeeze bottle used. Two different 
bottle sizes with different sized tips were used in the Examples (198060 
and 265100, both available from Sally Beauty Supply). The two different 
tip sizes allowed for two different amounts of adhesive to be placed on the 

25 fabric. The small bottle produced a perimeter of adhesive that weighed 
approximately 0.4 g (0.01 g/cm (Amount 1)) and the large bottle produced 
perimeter of adhesive weighing approximately 0.8g (0.02 g/cm (Amount 
2)). As stated above this was tracked to monitor consistency in 
application. The samples were adhered together by applying pressure by 

30 running a hand over the portion of the fabric covering the perimeter layer 
of adhesive, similar to what is commonly done in the art in the 
manufacture of medical gowns from nonwoven materials. 

Shear testing was performed using an Instron apparatus 
equipped with 3 inch (7.6 cm) clamps with a clamp spacing of 5 inches 

35 (12.7 cm). The Instron speed was 5 inches/minute (12.7 cm/min). 

In order to compare various adhesives on different materials, 
the ratio between shear strength measured at a time T (S t ) and the 
ultimate shear strength measured when the adhesive has been allowed to 
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dry completely (S u itimate, measured after 24 hours of drying at room 
temperature) is reported in the Examples as %Ultimate Strength as shown 
in Equation (1): 

5 % Ultimate Strength = S t /S u itimate x 1 00 (1 ) 

Additional samples were also tested after 60 hours of drying 
at room temperature which confirmed that 24 hours of drying was 
sufficient to reach the Ultimate Strength. The %Ultimate Strength is a 

10 measure of the degree of drying of a sample. For example, a sample 

having a %Ultimate Strength of 100% would be completely dry, whereas a 
sample with a %Ultimate Strength of 50% would be only half dry. Shear 
strength (S t ) was measured on multi-layer samples that were allowed to 
dry for 3, 6, 8, 12, or 20 minutes. Two sets of samples were prepared for 

15 each drying time and the results averaged. 

Average Fiber Diameter was measured by scanning electron 
microscopy. Seventy-five (75) fibers are measured and the results are 
averaged. For fibers having a non-round cross-section, the "effective 
diameter" is equal to the diameter of a hypothetical round fiber having the 

20 same cross sectional area. It is understood that when the term average 
fiber diameter is used for fibers having a non-round cross-section, that the 
average fiber diameter is the average effective diameter. 

Surface Tension values for polymers at 20°C are reported in 
Principles of Polymer Science , Ferdinand Rodriguez, 3 rd Edition, 

25 Hemisphere Publishing Corporation (NY), 1989, pp. 367-370. Alternately, 
surface tension can be measured at 20°C according to ASTM D724-99 
Standard Test Method for Surface Wettability of Paper (Angle-of-Contact 
Method). The polymer substrate on which measurements are performed 
can be in the form of a film. Alternately, a nonwoven sheet can be heated 

30 under pressure to provide a substrate having a smooth film-like surface for 
surface tension measurements. The contact angle is converted to surface 
tension, reported as dynes/cm. 

Alcohol Repellencv Rating is a measure of the resistance of 
fabrics to wetting and penetration by alcohol and alcohol/water solutions, 

35 expressed as the highest percentage of isopropyl alcohol solution that the 
fabric is capable of resisting (expressed on a 10 point scale - 10 being 
pure isopropyl alcohol) and was conducted according to INDA 1ST 80.6- 
92. 



17 



SS3375 US NA 



Hydrostatic Head is a measure of the resistance of the sheet 
to penetration by liquid water under a static pressure. The test was 
conducted according to AATCC-127, which is hereby incorporated by 
reference, and is reported in centimeters. 

5 

EXAMPLES 

Example 1. 

This example demonstrates the formation of a multi-layer 
adhesive-bonded nonwoven sheet wherein two identical bicomponent 

10 SMS layers are adhered together using a water-based adhesive. 

A SMS fabric having a basis weight of about 61 g/m 2 made 
of a meltblown layer sandwiched between two spunbond layers was used 
as the multi-layer nonwoven sheet. The spunbond layer comprised 
sheath-core spunbond fibers having an average fiber diameter of 13.71 

15 microns (standard deviation 0.88 microns). The sheath component was 
LLDPE (obtained from Equistar Chemical Co, Cincinnati, OH, melting 
point 125°C) which surrounded a PET core component (Crystar® 4449, 
available from E. I. du Pont de Nemours and Company, Wilmington, DE). 
The meltblown layer comprised bicomponent fibers having a side-by-side 

20 cross-section made from LLDPE (obtained from Equistar Chemical Co, 
Cincinnati, OH, melting point 125°C) and PET (Crystar® 4449, available 
from E. I. du Pont de Nemours and Company, Wilmington, DE) polymeric 
components. The ratio of the polyester component to the polyethylene 
component in the spunbond fibers was 50:50 by weight and the ratio of the 

25 polyester component to the polyethylene component in the meltblown 
fibers was 65:35 by weight. The SMS composite fabric was thermally 
point bonded and treated with a fluorochemical finish (aqueous emulsion) 
containing Zonyl® 7040 fluorinated acrylic fluoropolymer using a dip- 
squeeze process. The wet pick-up of finish was 1 g finish to 1 g SMS 

30 fabric, corresponding to 0.5 weight percent of the fluoropolymer solids on 
the SMS fabric. The fluoropolymer treated SMS fabric had an alcohol 
repellency of about 7.5. 

The adhesive used was a water-based adhesive having a 
solids content of approximately 70 weight percent of a non-cross-linkable 

35 polyvinyl acetate) copolymer, product code A-3474-A available from 
Ellsworth Company (Appleton, Wl). The adhesive was applied to one 
layer of SMS material using Amount 1 of the adhesive in some samples 
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and Amount 2 of the adhesive in other samples. A second layer of the 
same SMS material was bonded to the first layer as described above. 

Comparative Example A. 

5 A SMS nonwoven fabric comprising single component PP 

meltblown and spunbond layers was used to prepare the multi-layer 
adhesive-bonded fabrics following the procedure described above in 
Example 1 and using same water-based adhesive composition. The 
point-bonded polypropylene SMS fabric had a basis weight of about 54 

10 g/m 2 and was obtained by cutting samples from a commercially available 
medical gown. The fabric had an alcohol repellency of about 7.5, 
indicating that it had been treated with a fluorochemical. 

Figure 2 compares the behavior of the single component PP 
fabric of Comparative Example A to the bicomponent SMS fabric used in 

15 Example 1 during drying trials. The results demonstrate that the 2-layer 
adhesive bonded bicomponent SMS nonwoven fabric of the current 
invention approaches approximately 90% Ultimate Strength after 
approximately 20 minutes, whereas the 2-layer SMS adhesive bonded 
single component PP fabric of Comparative Example A had achieved only 

20 about 30% of the Ultimate Shear strength after the same drying time. 

While both materials eventually achieve a shear bond strength that is high 
enough to allow handling the wet adhesive-bonded layers without the 
layers shifting with respect to each other, the multi-layer adhesive-bonded 
nonwoven sheet of the current invention achieves this shear bond strength 

25 faster than the polypropylene SMS-based material of Comparative 
Example A when dried under ambient conditions, providing reduced 
fabrication time. 

Example 2. 

30 The same bicomponent SMS material as used in Example 1 

was evaluated with a water-based adhesive, product code L8263N, having 
a solids content of approximately 65 weight percent of a polyvinyl acetate) 
copolymer, available from Bostik Findley Company (Wauwatosa, Wl) 
using the method described in Example 1 . 

35 

Comparative Example B. 

The same polypropylene SMS material used in Comparative 
Example A was evaluated using the same water-based adhesive used in 
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Example 2. The % Ultimate Strength as a function of time is shown in 
Figure 3, comparing it to the results for Example 2. For 0.01 g/cm of 
adhesive (Amount 1) the 2-layer fabric of Example 2 achieved 
approximately 75% Ultimate Strength after 20 minutes, and for 0.02 g/cm 
5 of adhesive (Amount 2) it achieved approximately 62% Ultimate Strength 
compared to approximately 20% Ultimate Strength for the PP 2-layer SMS 
adhesive-bonded sheet of Comparative Example B. 

Example 3. 

10 The same bicomponent SMS material as used in Example 1 

was evaluated with a water-based polyvinyl acetate) copolymer adhesive 
composition having a solids content of approximately 60 weight percent ( 
manufactured by National Starch Company (Bridgewater, NJ)) using the 
method described in Example 1 . 

15 

Comparative Example C. 

The same polypropylene SMS material used in Comparative 
Example A was evaluated using the same water-based adhesive used in 
Example 3. The % Ultimate Strength as a function of time is shown in 

20 Figure 4, comparing it to the results of Example 3. For 0.01 g/cm of 
adhesive (Amount 1) the 2-layer fabric of Example 3 achieved 
approximately 78% Ultimate Strength after 20 minutes, and for 0.02 g/cm 
of adhesive (Amount 2) it achieved approximately 60% Ultimate Strength 
compared to approximately 4% Ultimate Strength for the PP 2-layer SMS 

25 adhesive-bonded sheet of Comparative Example C for 0.01 g/cm of 
adhesive and approximately 17% Ultimate Strength for 0.02 g/cm of 
adhesive. 

Example 4. 

30 The bicomponent SMS fabric used in Example 1 was 

adhered to the PET side of a woodpulp- polyester spunlaced fabric 
(Sontara® F903 spunlaced nonwoven fabric, available from E. I. du Pont 
de Nemours and Company, Wilmington, DE). The spunlaced fabric was 
treated with a fluorochemical finish (aqueous emulsion) containing Zonyl® 

35 8315 fluorinated acrylic fluoropolymer using a dip-squeeze process. The 
wet pick-up of finish was 1 .25 g finish to 1 g spunlaced fabric, 
corresponding to 0.75 weight percent of the fluoropolymer solids on the 
spunlaced fabric. The finished spunlaced fabric had an alcohol repellency 
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of about 7.5. The water-based adhesive used in Example 1 was applied 
to the SMS layer using a roller-tip on the end of a squeeze bottle (similar 
to current application method in industry). The roller tip was approximately 
1 inch (2.54 cm) wide. The amount of adhesive placed on the material 
5 was 1 inch wide by 1 inch in length (2.54 cm x 2.54 cm). The woodpulp- 
polyester spunlaced material was approximately 1 inch wide and 14 
inches long. The adhesive was placed on the SMS material and the 
spunlaced fabric was manually applied to the adhesive area. The 
adhesive was tested similar to the method used in Examples 1 ,2 and 3 

10 above with the exception that the spunlaced material was narrower and 
less adhesive used in this trial. The adhesive was allowed to dry for 
3,6,9,12 or 20 minutes and tested for strength build-up. Samples were 
also allowed to sit for 24 and 60 hours to determine the ultimate strength. 
Figure 5 shows the strength build-up (expressed as % Ultimate Strength) 

15 as a function of time. 

Comparative Example D. 

The single component polypropylene SMS material used in 
Comparative Example A was adhered to the woodpulp-polyester 

20 spunlaced fabric used in Example 4 following the same method as 
Example 4. The strength build-up as a function of time compared to 
Example 4 is shown in Figure 5. The results show that the 2-layer 
adhesive-bonded nonwoven materials formed using the bicomponent SMS 
fabrics reached an Ultimate Strength of approximately 80% after 20 

25 minutes, whereas the 2-layer materials formed using the single component 
polypropylene SMS fabrics of Comparative Example D achieved an 
Ultimate Strength of only about 60% in the same time period. 

Comparative Example E. 

30 This example demonstrates adhering a single spunbond 

fabric layer to another single spunbond fabric layer with Amount 1 of the 
water-based adhesive used in Example 1. The spunbond layers were the 
same as those used to make the SMS fabric in Example 1 . Each 
spunbond layer had a topically applied fluorochemical finish and had a 

35 basis weight of 34 g/m 2 . The %Ultimate Strength as a function of time is 
shown in Figure 6. After 20 minutes, 2 layers of SMS in Example 1 
adhered to each other achieve approximately 80% of the ultimate strength, 
while the 2 layers of spunbond fabrics used in Comparative Example E 
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achieved only 40% of the ultimate strength. In addition, the adhesive 
penetrated through the spunbond layers to the outer surfaces thereof in 
Comparative Example E, but did not penetrate the SMS layers used in 
Example 1 . 

5 

Example 5. 

This example demonstrates adhering a single spunbond 
fabric layer to another single spunbond fabric layer wherein the spunbond 
layers comprised fine diameter spunbond fibers. Two layers of spunbond 

10 fabric having a basis weight of 2.2 oz/yd 2 (74.6 g/m 2 ) and made from 

sheath-core fibers having an average fiber diameter of 8 microns, wherein 
the sheath was a poly(ethylene terephthalate) copolymer and the core was 
poly(ethylene terephthalate), were bonded together using Amount 2 of the 
water-based adhesive used in Example 1. The %Ultimate Strength as a 

15 function of time is shown in Figure 7 with the results from Example 1 

(which used Amount 1 of the adhesive) included for comparison purposes. 
The adhesive-bonded spunbond-spunbond fabric of Example 5 
demonstrated similar strength build up over time to the adhesive-bonded 
SMS-SMS fabric of Example 1. The adhesive-bonded multi-layer fabric of 

20 Example 5 also had a higher rate of strength build-up than adhesive- 
bonded multi-layer fabric of Comparative Example E, which used 
spunbond fabrics having an average fiber diameter greater than 10 
microns. In addition, the adhesive did not penetrate the spunbond 
nonwoven layers made from fibers having an average fiber diameter of 8 

25 microns. 
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